We present a multi-proxy approach to reconstructing Holocene climate conditions 15 in northeastern Spain based on an excellent correlation among the lamina 16 thickness, colour parameters and isotope (δ 18 O and δ 13 C) variations recorded in a 17
INTRODUCTION 30
Examples of strong coherence between solar variability and climate cycles suggest 31 that solar activity may be responsible for Holocene climatic oscillations (Yu and Ito, 32 1999; Bond et al., 2001; Neff et al., 2001; Peristykh and Damon, 2003; 33 Schimmelmann et al., 2003; Raspopov et al., 2008; Kokfelt and Muscheler, 2013; 34 Zhang et al., 2013; Soon et al., 2014) . 35
Techniques for palaeoclimatic reconstruction based on stable isotopes ( 13 C and 48  18 O) and laminated speleothems have been intensely developed over the last 10 49 years (e.g., McDermott, 2004; Cheng et al., 2006 and Baker et al., 2008) . The 50
Iberian Peninsula is a region with very few palaeoclimate studies based on 51 speleothems; notable among these are the works of Domínguez-Villar et al. (2009) , 52 Moreno et al. (2010) and Martín-Chivelet et al. (2011) in northern Spain, which 53 inferred multiple climatic variables from  13 C and  18 O isotope stalagmite 54 composition. In this paper, we present a palaeoclimatic record from a laminated 55 speleothem that we analyse through a multi-proxy strategy. We construct 11 56 independent, high-resolution time series for layer thicknesses, colour variations 57 and stable isotope ( 18 O and  13 C) values. The paper (i) analyses the existing 58 at 1040 m a.s.l. (Fig. 1) . The cave was declared a Natural Monument in 2006. 65 Geologically, the study area is part of the Cretaceous Maestrazgo Basin. 66
The climate of the area is a mid-mountain Mediterranean one (Peña et al., 2002) . 67
The mean annual temperature ranges between 12 and 13°C, and the annual 68 precipitation, which is mainly concentrated in spring and autumn, averages 500 69 mm ( Fig. 1 ) but experiences significant interannual variations. Vegetation cover is 70 sparse but includes scrub and supra-Mediterranean oak forest (Millán et al., 1992) . 71
The cave, opened to tourism since the 1960s, is 620 m long and is arranged in two 72 interconnected horizontal levels, the upper "Crystal" and lower "Marine" rooms. 73
METHODOLOGY 75
The stalagmite MO-7 was collected in situ from the lower level (Marine room) of 76 the Molinos Cave. It was halved along its growth axis, and one of the two 77 symmetrical portions was carefully polished. Image analysis techniques were 78 applied to the polished surface and to thin sections of the speleothem. Samples for 79
Page 4 of 34 For Review Only isotopic composition and U/Th dating were drilled using carbide dental burrs 80 following stratigraphic horizons (Fig. 2) . 81
Colour measurements on the polished surface were taken using an Avaatech 82
Colour Line Scan that produces visual colour images as well as colour data in red, 83 green, blue (RGB) and CIE-L*-a*-b*. The L*a*b* value is a uniform colour scale 84 recommended by the Commission Internationale de l'Eclairge (CIE). L* defines 85 lightness, a* denotes the red/green value and b* the yellow/blue value. The study 86 of the MO-7 stalagmite provides 6 continuous-signal (Weedon, 2003) time series of 87 2170 values (corresponding to R, G, B, L*, a* and b* colour parameters) with a 88 resolution of 70 microns (Fig. 2) . 89
Chemical preparation and analysis of five U/Th disequilibrium series were 90 performed at the University of Melbourne, Australia following the methodology 91 described in Hellstrom (2003 Hellstrom ( , 2006 . Measurements were taken using a MC-ICP-92 MS (Thermo-Finnegan Neptune). Details of dates, detrital contents, and corrected 93 initial  234 U ratios are given in Table 1.  94 Two discrete-signal (according to terminology from Weedon, 2003) time series (a 95 total of 4105 data points) of lamina thickness (light and dark) were measured 96 using WinGeol LAM software (Meyer et al., 2006) . The analysis was performed on 97 high-resolution photomicrographs (1.35 microns per pixel) of thin sections 98 obtained from an Olympus SZX7 stereomicroscope equipped with an Olympus 99 DP20-5E digital camera system. Next, a new time series was derived from the sum 100 of light and dark values by assuming that each light-dark doublet represents an 101 annual increment of growth (Fig. 3 ). Laminae were anchored to the U/Th ages 102 following the methodology described in Domínguez-Villar et al. (2012) . of laminae was constructed (Fig 6a) and, considering the presence of a hiatus 138 identified in thin section, divided into two segments (above and below the growth 139 interruption). Lamina counts were later anchored to U-Th ages within the error 140 bands (Fig. 6b ). These counts were used as tie points in the final construction of 141 the age model using StalAge software (Fig. 6c) . 142
The age model indicates that the uppermost 14.7 cm of the MO-7 stalagmite spans 143 the time period 7.2 to 2.5 kyr before present. Considering the time spans 144 registered (7.2-4.9 kyr and 4.3-2.5 kyr, i.e., ∼4.1 kyr), the number of laminae (4105 145 couplets), and the fact that precipitation is mainly concentrated in spring and 146 autumn, the lamination is consistent with a seasonal origin. 147
Spectral analysis 148
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Two spectral analysis techniques, Fourier and wavelet, were used to analyse the 149 diverse multi-proxy time series made from stalagmite MO-7 ( Neff, U., Burns, S.J., Mangini, A., Mudelsee, M., Fleitmann, D. and Matter, A., 2001. 338 Strong coherence between solar variability and the monsoon in Oman between 9 339 and 6 kyr ago. Nature, 411, 290-293. 340 Niggemann, S., Mangini, A., Mudelsee, M., Richter, D.K. and Wurth, G., 2003. Sub-341 Milankovitch climatic cycles in Holocene stalagmites from Sauerland, Germany. 
